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ÎkÂxkÂkÎkÂÅÌÞÌNkÌÝkÌÌ@­ÎkÂÌz²
k@àkbÎkÂxkÂkXkÌÅ@ÌÞ@ÝkkÎÌXÝkÂÎkÂ
1ÅÌ Îà­kÌ xÌ XÝkÂÎkÂÌ @ÅÌ ÂkXkÎàÌ NkkÌ ­Â­ÅkbÌ SÊÐ_Ê}TÌ @bÌ @Ì ÂkXÂbNÂk@
­kÂ@ÎÌ@ÎÌ¥ÊpÌNÎËÅÌ@ÅÌNkkÌbkÅÎÂ@ÎkbÌSÊz_ÊÊT²Ì8kÂàÌ­ÂÎ@Îà_ÌÎÅÌbkÝXk
@ÅÌ @ÅÌ NkkÌ Âk@ÅkbÌ @ÅÌ @Ì ÎX@àÌ ÎkÂ@ÎkbÌ ÅÎÂ×XÎ×Âk_Ì ÞkÂkÌ ¥ææÌ NÎËÅ
XÝkÂÅÌ@ÅÌNkkÌ @XkÝkbÌ SÊÉT²ÌkÅbkÅÌ ÎkÌÌXÝkÂÅÌ Å­kkb_Ì ÎÅÌ Îà­kÌx
XÝkÂÎkÂÌ@ÅÌÎÌNkkÌÝkÅÎ@ÎkbÌx×àÌàkÎ_ÌÅÌÎkÌkkÂ@Ì­kÂxÂ@XkÌÅÌbxxX×Î
ÎÌXkÎÌ²ÌÎÌÅ×bÌNkÌkÎkb_ÌÎ×_ÌÎ@ÎÌÎkÌXÝkÂÎkÂÌÂkÅkNkÅÌÎkÂ
ÎkÂxkÂkÎÂXÌÅÎÂ×XÎ×ÂkÅ_ÌÞàÌÅ@ÂÌ­kÂxÂ@XkÌX@ÌNkÌkß­kXÎkb²
Õ²Õ²ÕÌ­ÎX@ÌÂkkkÂ@Î
ÅÌkÎkbÌ ÌÅkXÎÌÕ²¥_Ì Âk@Å@ÎÌxÌ ÎkÌ@­ÎX@Ì ÂkkkÂ@ÎÂÌÞÌ­ÂN@Nà
NkÌ ÎkÌÅÎÌ ­ÂÎ@ÎÌ k@NkÂÌ xÂÌ @ÂkÅX@kÌ ÎÂ@Å­@ÂkÎÌ @­ÎX@Ì kÎÞÂÅ²Ì 
×ÅÎÂ@ÎÌxÌ@ÌÕ.Ì@bÌÐ.ÌÂkkkÂ@ÎÂÌÅÌÝkÌÌ²ÌÕ²Ð²ÌÎÌÂkkkÂ@ÎÂÅÌ@ÝkÌ@
Âk@­xX@ÎÌÅÎ@kÌ@bÌ@Ìk@ÂÌbkXÅÌkkkÎÌÎÌÂkÅ@­kÌÎkÌ­×ÎÌÅ@²
Ì@bbÎ_ÌÎkÌÐ.ÌÂkkkÂ@ÎÂÌ@ÅÌ@ÌXXÌÂkXÝkÂà_ÌÞXÌX@ÌNkÌkÎkÂÌ­ÎX@ÌÂ
kkXÎÂX@_Ì kkÂ@ÎÌ XXÌ ­×ÅkÅÌ Î@ÎÌ ­kÂxÂÌ ÂkÎÌ NàÌ Å@­Ì ÎkÌ ­×Î
Å@²Ì xÌkXkÅÅ@Âà_Ì k²²_Ì xÌ ÎkÌ bkXÅÌ kkkÎÌ @ÅÌ @Ì Å@Ì ­×ÎÌ ­ÞkÂÌ bà@X
Â@k_ÌÎkÌ@­xX@ÎÌÅÎ@kÌX@Ì@ÅÌx×XÎÌ@ÅÌ@Ì­ÞkÂÌk·×@ÅkÂ²
ÎÌÅÌXÂ×X@ÌÎ@ÎÌÎkÌÎÂ@ÅxkÂÌx×XÎÌxÌÎkÌbkXÅÌ@Îk_Ì²k²_ÌÎkÌ×Î­×ÎÌ­ÞkÂÌ@ÅÌ@
x×XÎÌxÌ ÎkÌ ­×ÎÌ ­ÞkÂ_Ì ÅÌ k@Â²Ì1kÌ @ÂkÂÌbkÂkkÌ xÌ k@ÂÎà_Ì Îk
NkÎÎkÂÌÎkÌÂkÅ@­ÌX@­@NÎàÌSÊp_­ÐT²Ì1kÌNkÅÎÌÎÂ@ÅxkÂÌx×XÎÌÅÌÎ@ÎÌxÌ@Ìbk@
bkXÅÌ@ÎkÌÅXkÌ@ÌÅkÌÌNÎÌX@ÌäkÂÅÌ@bÌkÅÌÅÌkxxkXÎÝkàÌÂkÅ@­kb²Ì
ÎkÌxÞÌÅÎ_ÌbxxkÂkÎÌÂk·×ÂkkÎÅÌÎ@ÎÌÅ×bÌNkÌ@ÅÅX@ÎkbÌÞÎÌ@Ì@­ÎX@
ÂkkkÂ@ÎÂÌ@ÂkÌÝk^
kXÅÌkkkÎ
­²
­×Î
Å@
$×Î­×Î
Å@
X
ÂkXÝkÂà
kXÅÌkkkÎ
­²
­×Î
Å@
$×Î­×Î
Å@
²ÌÕ²Ð^Ì/Xk@ÎXÌxÌ@Ì@­ÎX@ÌÕ.Ì¯kxÎ°Ì@bÌÐ.Ì¯ÂÎ°ÌÂkkkÂ@ÎÂ²ÌÎÌÂkkkÂ@ÎÂÅÌ@ÝkÌ@ÌÂk
@­xX@ÎÌÅÎ@kÌ@bÌ@Ìk@ÂÌbkXÅÌkkkÎÌÎÌÂkÅ@­kÌÎkÌ­×ÎÌÅ@²ÌÌ@bbÎ_ÌÎkÌÐ.
ÂkkkÂ@ÎÂÌ@ÅÌ@ÌXXÌÂkXÝkÂàÌXÂX×ÎÂàÌ­kÂxÂÌÂkÎÌNàÌÅ@­ÌÎkÌ­×ÎÌÅ@²
Õ²ÌÝ×ÎÌxÌ­ÎX@ÌkÎÞÂ¥}
• ,@ÂÅ@ÎÌbk­kbkXk²
• Ì­×ÎÌ­ÞkÂÌbà@XÌÂ@k²
• !bkÂ@ÎkÌ­ÎX@Ì­×ÎÌ­ÞkÂÌÂk·×ÂkkÎÅ²
• Å­kkbÌ­kÂ@Î_Ì­ÂkxkÂ@NàÌ}æÌNÎËÅÌ@bÌ@NÝk²
• @ÂkÌ­ÎX@ÌN@bÞbÎ²
• Õ.ÌÂkkkÂ@Î^Ì/×bÌ@XXk­ÎÌ@ÌÞÌ$/".Ì@bÌkßÎXÎÌÂ@ÎÌxÌÎkÌ­×Î
Å@ÌN×ÎÌÂkÅ×ÎÌÌ@ÌÌ$/".Ì@bÌkßÎXÎÌÂ@ÎÌxÌÎkÌ×Î­×ÎÌÅ@²
• Ð.ÌÂkkkÂ@Î^ÌÌ@bbÎÌÎÌÕ.Ì@Ì@ÂkÌ@×ÎÌxÌÎÎkÂÌÌÎkÌ­×ÎÌÅ@
Å×bÌNkÌ@XXk­ÎkbÌN×ÎÌÂkÅ×ÎÌÌ@ÌÅ@ÌÎÎkÂÌÌÎkÌ×Î­×ÎÌÅ@²
• ÞÌ­ÞkÂÌXÅ×­Î_ÌX­@XÎkÅÅÌ@bÌÅ­kÌ­kkÎ@Î²
×kÌÎÌÎkÌÂk·×ÂkkÎÅÌxÂÌ@Ìk@ÂÌÎÂ@ÅxkÂÌx×XÎÌ@bÌÎkÌ@NÎàÌÎÌ@XXk­ÎÌ@
ÞÌ $/".Ì @bÌ ÅÎÌ ÂkÅ×ÎÌ Ì @Ì Ì $/"._Ì ÎkÂkÌ @ÂkÌ ÎÌ @ÅÌ @àÌ bxxkÂkÎ
­ÂÅÌ ÎkX·×kÅÌ xÂÌ@­ÎX@Ì ÂkkkÂ@ÎÌ@ÅÌ xÂÌÞ@ÝkkÎÌXÝkÂÅ²Ì/_
kÝkÌÎ×ÌÎkÂkÌ@ÂkÌÎkÂÌÎkX·×kÅÌÎ@ÌÎÅkÌbÅX×ÅÅkbÌÌÎkÌxÞ_ÌÎkÅk
@ÂkÌÎkÌÅÎÌ­ÂÅ²
kXÎÂ@NÅÂ­ÎÌb×@ÎÂ
×kÌ ÎÌ ÎkÌàÌk@ÂÌ ÎÂ@ÅxkÂÌ x×XÎÌ xÌ Å_Ì @Ì Õ.Ì X@­@NÎàÌ ÅÌ kÂkÎ
ÞkÌ ­kÂxÂÌÞ@ÝkkÎÌ XÝkÂÅÌ @bÌ @ÅÌ NkkÌ bkÅÎÂ@ÎkbÌ @ÎÌ ÕæÌNÎËÅ
SÊT²Ì×ÂÎkÂÂk_ÌÎÂ@ÅÅÅÌÝkÂÌÐæ²æææÌÌ@ÅÌNkkÌ@XkÝkbÌ@ÎÌ¥æÌNÎËÅÌSÉæT_
k­@ÅÅÌÎkÌÕ.ÌÂkkkÂ@ÎÝkÌ­Â­kÂÎkÅ²ÌÐ.ÌÂkkkÂ@ÎÌÅÌ@ÅÌ­ÅÅNk_ÌÅ­à
NàÌ Âk­@XÌ ÎkÌ 9Ì Î_Ì kXkÅÅ@ÂàÌ xÂÌ Þ@ÝkkÎÌ XÝkÂÅ_Ì ÞÎÌ @Ì ÂkÎkb
­ÎX@ÌXXÌÅ@ÌSÉ¥T²Ì1ÅÌ@ÅÌNkkÌ×ÅkbÌÎÌbkÅÎÂ@ÎkÌÐ.ÌÂkkkÂ@ÎÌNÎÌ@Î
¥æÌ@bÌ}æÌNÎËÅÌSÉÕ_ÐÉT²ÌÅÌ@Âk@bàÌkÎkb_ÌÎkÌ@ÌbÂ@ÞN@XÅÌxÌÅÌ@ÂkÌÞ
XÝkÂÅÌ kxxXkXkÅ_Ì Ì ÅkÂÎÌ ÅÅkÅÌ @bÌ ÎkÌ kkbÌ xÂÌ Ì ­ÎX@Ì ­×Î
­ÞkÂÅ²
/ÎÌÎkX·×kÅ
/ÎÌÅàÅÎkÅÌk­àÌÐ.ÌÎkX·×kÅÌ@ÝkÌÅÞÌÝkÂàÌ­ÂkÅÅÝkÌÂkÅ×ÎÅÌÅ×XÌ@Å
ÎÂ@ÅÅÅÌÝkÂÌ ¥ÌÌÌ @ÎÌ ¥æÌNÎËÅÌ SÉÐT_Ì ÎÂ@ÅÅÅÌÝkÂÌ ¥æ²æææÌÌ @Î
pßÕæÌNÎËÅÌ SÉ}T_Ì ÎÂ@ÅÅÅÌÝkÂÌ Éæ²æææÌÌ @ÎÌ }æÌNÎËÅÌ SÉzTÌ @bÌ ÎÂ@ÅÅÅ
ÝkÂÌ ¥æ²æææÌ Ì @ÎÌ pæÌ NÎËÅÌ SÉÊT²Ì 1kÌ NkÅÎÌ bÅ@bÝ@Î@kÌ xÌ ÎkÅkÌ ÎkX·×kÅ_
ÞkÝkÂ_ÌÅÌÎ@ÎÌÎkÌxNkÂÌÌ@ÅÌÎÌNkÌÝkÂàÌX@Âkx×àÌbkÅkbÌÌÂbkÂÌÎÌ@Î@
ÎkÌÅÎÌkxxkXÎ²Ì1ÅÌÅÌxÌX×ÂÅkÌàÌ­ÅÅNkÌÌ@Ì­ÎÎ­ÎÌ_ÌÞkÂkÌk@X
­@ÎÌX@ÌNkÌbkÅkbÌÂk@ÂbkÅÅÌxÌÎkÂÌ­ÎX@Ì­@ÎÅ²Ì1ÅÌ@ÅÌNkkÌ­@ÂÎàÌÝkÂXk
Ì SÉÉT_Ì ÞkÂkÌ @Ì ¾N@XÌ Nß¿Ì Å×ÎÌ @ÅÌ NkkÌ ­Â­ÅkbÌ Î@ÎÌ Ì ­ÂX­kÌ X@Ì Nk
@b@­ÎkbÌÎÌ@ÌÞbkÌÝ@ÂkÎàÌxÌ.>ÌÎÂ@ÅÅÅÌÅàÅÎkÅÌÂk@ÂbkÅÅÌxÌÎkÌÎÂ@ÅÅÅ
kÌ X@Â@XÎkÂÅÎXÅ²Ì Ì ÎkÌ ¾N@XÌ Nß¿_Ì .>ÎÅÎÌ ÎÂ@ÅxÂ@ÎÌ ÅÌ ­kÂxÂkb
@bÌÂkkkÂ@ÎÌÅÌ@XkÝkbÌ×ÅÌÅÎÌkÎbÅ²ÌxÎkÂÌÎkÌ¾N@XÌNß¿_Ì²k²_ÌÌÎk
ÎÂ@ÅÅÅÌ_ÌÎkÂkÌÅÌ@ÌN@XXÝkÂÅÌÎÌ.>Ì­×ÅkÅ_ÌÞXÌÎkÌ­Â­@@ÎkÌ
Õ²ÌÝ×ÎÌxÌ­ÎX@ÌkÎÞÂ ¥z
ÎkÌxNkÂ²Ì1kÌ@bÝ@Î@kÌ ÅÌ Î@ÎÌ ÎkÌÎÂ@ÅÅÅÌ kÌbkÅÌÎÌ@ÝkÌÎÌNkÌbkÅkb
xÂÌÅÎÌÎÂ@ÅÅÅÌN×ÎÌÎ@ÎÌÎkÌ¾N@XÌNß¿ÌX@ÌNkÌ@b@­ÎkbÌÎÌÎkÌÎÂ@ÅÅÅ
kÌSÉÉT²Ì/Î_ÌÎkÌ ¾N@XÌNß¿Ì ÅÌ Â@ÎkÂÌX­kßÌ ÅXkÌ ÎÌ Âk·×ÂkÅÌbxxkÂkÎÌ Å­kX@à
bkÅkbÌ­@ÂÎÅÌ SÐp_ÉpT²ÌÌbÅ@bÝ@Î@kÌxÌ ÅÎÌÎkX·×kÅÌ ÌkkÂ@Ì ÅÌ Î@ÎÌ
­ÎX@Ì­ÞkÂÌkÝkÅÌ@ÂkÌÂk·×Âkb²
/$N@ÅkbÌÎkÂxkÂkÎkÂÅ
ÅÌ xÂÌ Å_Ì Õ.Ì ÂkkkÂ@ÎÌ ÅÌ @ÅÌ kÂkÎÌ Ì !@X>kbkÂÌ ÂÌ !XkÅ
ÎkÂxkÂkÎkÂÅÌ b×kÌ ÎÌ ÎkÌ k@ÂÌ ÎÂ@ÅxkÂÌ x×XÎÌ S­Ð_­z_­¥¥_ÉT²Ì kÂk_
ÂkkkÂ@ÎÌ @ÎÌ}æÌNÎËÅÌ@ÅÌNkkÌbkÅÎÂ@ÎkbÌ S­¥Ê_­ÕÐTÌ @ÅÌÞkÌ @ÅÌ ÎÂ@ÅÅÅ
ÝkÂÌÐ²ÊææÌÌ@ÎÌÕ²zÌNÎËÅÌSpæT²ÌxÌ@Ì­ÎX@ÌXXÌÅ@ÌÅÌ×ÅkbÌÅÎk@bÌxÌÎkÌ9
Î_ÌÂkÎÌX@Ì@ÅÌNkÌNÎ@kbÌSp¥TÌ¯Ð.ÌÂkkkÂ@ÎÌ@ÎÌ}æÌNÎËÅÌÅÌÅÞÌ
S­ÕÐ_pÕT°²Ì$ÞÌÎÌÎkÅkÌxk@Î×ÂkÅ_Ì@Ì­ÂkÅÅÝkÌX@ÅX@b@NÎàÌ­kÂxÂ@XkÌ@ÅÌNkk
bkÅÎÂ@ÎkbÌ Ì ­Ì kß­kÂkÎÅ²Ì ¥æææÌ Ð.Ì ÂkkkÂ@ÎÂÅÌ @ÎÌ ¥æÌNÎËÅÌ X×b
ÎÂ@ÅÅÅÌ ÝkÂÌ ¥Éæ²æææÌ Ì SÐzTÌ @bÌ ÕææÌ ÂkkkÂ@ÎÂÅÌ @ÎÌ ÕæÌ NÎËÅÌ X×b
ÎÂ@ÅÅÅÌÝkÂÌÕæ²æææÌÌ SÐÊT²Ì ÎÌ X@Ì @ÅÌNkÌkÎkbÌ Î@ÎÌNàÌ×ÅÌ @Ì ¾­@ÅÅ
ÎÂ×¿Ì ÅXkkÌ Ì ÎkÂxkÂkÎÂXÌ XÝkÂÎkÂÅ_Ì @­ÎX@Ì Õ.Ì ÂkkkÂ@ÎÌÞÎ×Î
Þ@ÝkkÎÌXÝkÂÅÌX@ÌNkÌ@XkÝkbÌS­¥ÐT²ÌÅÌÞÎÌÎÅÌÅXkk_ÌkßÎXÎÌÂ@Î
­ÂÝkkÎÌ @bÌ ÅkÌ Å×­­ÂkÅÅÌ @ÅÌ NkkÌ bkÅÎÂ@ÎkbÌ S­¥Ð_­¥ÊT²Ì ÅÌ @Âk@bà
­ÎkbÌ×Î_Ì@XÎÝkÌXÎÂÌxÌÎkÌXÝkÂÎkÂÅÌÅÌ@ÌÅÅ×kÌÎ@ÎÌkkbÅÌÅ­kX@Ì@ÎÎkÎ²Ì
bkÎ@kbÌkÝ@×@ÎÌxÌÎkÌÂkkkÂ@ÎÝkÌX@­@NÎkÅÌxÌ!@X>kbkÂÌ@bÌ!XkÅ
ÎkÂxkÂkÎkÂÅÌÞÌNkÌÝkÌÌ@­ÎkÂÌÊ²
Õ²ÐÌ/×@Âà
Ì­ÅÅNkÌkÝ×ÎÌxÌ­ÎX@ÌkÎÞÂÅÌ@ÅÌNkkÌbkÅXÂNkbÌÞkÂkÌÎÌ@ÅÌNkkÌ@Â×kb
Î@ÎÌ ÎkÌ XÂk@ÅÌ kÎÞÂÌ X@­@XÎàÌ Â@ÅkÅÌ ÎkÌ kkbÌ xÂÌ @­ÎX@Ì ÎkX·×kÅÌ Î
@bkÌ ÅkÌ xÌ ÎkÌ x×XÎ@ÎkÅÌ Î@ÎÌ @ÂkÌ ­kÂxÂkbÌ NàÌ kkXÎÂXÅÌ Îb@à²Ì 1Å
­ÂÂkÅÅÌ @ÅÌ @Âk@bàÌ ÅÎ@ÂÎkbÌ ÞÎÌ ÎkÌ kkÂkXkÌ xÌ XkÂX@Ì ­ÎX@Ì @bbbÂ­
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Å@Î×Â@ÎÌ@bÌÎÌÂk@ß@ÎÌÅX@ÎÅÌX@×ÅkÌÎkÌbxxkÂkXkÌÌ­×ÅkÌ@­Î×bkÌxÂ
ÎkÌ.>ÌÅ@²
ÌÎkÂÅÌxÌX@ÅX@b@NÎà_ÌÎkÌ.>ÌÅ@ÌxÂ@ÎÌÅÌÎkÂkxÂkÌ­ÂkxkÂ@NkÌÎÌ".>²Ì1ÅÌÅ
@ÅÌbkÅÎÂ@ÎkbÌÌ²ÌÐ²ÐÐ_ÌÅÞÌÎkÌ×xÎkÂkbÌkßÎXÎÌÂ@ÎÌ@ÅÌ@Ìx×XÎ
xÌ ÎkÌ×NkÂÌ xÌ/$ÅÌ Î@ÎÌ @ÂkÌ X@ÅX@bkb²Ì1kÌ X@X×@ÎÅÌ @ÂkÌ ­kÂxÂkbÌ xÂ
".>Ì@bÌ.>ÌÅ@ÅÌ@ÎÌÕæÌNÎËÅÌÞÎÌ@Ì ­×ÎÌkßÎXÎÌÂ@ÎÌxÌ¥ÐÌb²Ìk@Âà_
ÎkÌ.>Ì Å@Ì xÂ@ÎÌ­kÂxÂÅÌNkÎÎkÂÌ @bÌ xÂÌ @Ì kßÎXÎÌ Â@ÎÌxÌÊÌ b_Ì àÌ Jz
/$ÅÌX@ÌNkÌX@ÅX@bkbÌÞkÌ×ÅÌ".>_ÌÞkÂk@Å_ÌÎÅÌ×NkÂÌXÂk@ÅkÅÌÎÌJ¥}
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1kÌÌ¯­Å°
¥zÌNÎËÅ
²ÌÐ²ÐÕ^Ì¯kxÎ°Ì,k@ÎàÌÝÅ²ÌÎkÌ­×ÎÌ­ÞkÂÌÎÌÎkÌ/$ÌÌÎkÌX@ÅkÌxÌ@ÌÕæÌNÎËÅÌ.>ÌÅ@Ì@b
¥zÌNÎËÅÌ".>ÌÅ@²Ì¯bbk°Ì,×ÅkÌÎÂ@XkÌ@xÎkÂÌÎkÌ/$ÌxÂÌ@ÌÕæÌNÎËÅÌ.>ÌÅ@Ì¯Å@Ì­×Î
­ÞkÂÌtÌ¥b°Ì@bÌ¯ÂÎ°Ì¥zÌNÎËÅÌ".>ÌÅ@Ì¯Å@Ì­×ÎÌ­ÞkÂÌtÌÉÌb°²Ì1kÌk@Å×ÂkkÎÅ
xÂÌÎkÌ".>ÌÅ@Ì@ÂkÌxÂÌS¥æ¥_¥æÕT²
Ð²Ì/$N@ÅkbÌ@ÎkÅÌxÂÌ@­ÎX@ÌÅ­@XkÌÅÞÎXÐp
Ð²}Ì/×@Âà
1kÌ×ÅkÌxÌ /$N@ÅkbÌbkÝXkÅÌ xÂÌ @­ÎX@Ì Å­@XkÌ ÅÞÎXÌ@ÅÌNkkÌ ÝkÅÎ@Îkb
@bÌ ÎkÌ­kÂxÂ@XkÌ@ÅÌ NkkÌ @@àÅkbÌNÎÌ kß­kÂkÎ@àÌ @bÌ ÎkÂkÎX@à²ÌÂ
ÎkÌ XÝkÎ@Ì /$_Ì ÎkÌ x×kXkÌ xÌ ÎkÌ @­­kbÌ N@ÅÌ X×ÂÂkÎ_Ì ÎkÌ XxkkÎ
x@XÎÂÌ@bÌbkÝXkÌ kÎÌÌ ÎkÌ@_Ì­ÎX@ÌN@bÞbÎÌ @bÌÅkÌ x×ÂkÌ@ÅÌNkk
bkÅXÂNkb²Ì Ì kkÂ@_Ì @ÌÌN@ÅÌ X×ÂÂkÎÌ ÎkÎkÂÌÞÎÌ @Ì Ì XxkkÎÌ x@XÎÂ
@bÌ@ÌÌbkÝXkÌÂkÅ×ÎÅÌÌ@Ì@ÂkÌ@_ÌÞkÂk@ÅÌ@ÌÌ­ÎX@ÌN@bÞbÎÌ@bÌÞ
ÅkÌx×ÂkÌÂk·×ÂkÅÌ@ÌÞÌXxkkÎÌx@XÎÂÌ@bÌ@ÌÅÂÎÌ/$²
1kÌ @Ì bÂ@ÞN@XÌ xÌ /$N@ÅkbÌ Å­@XkÌ ÅÞÎXkÅ_Ì ÞkÝkÂ_Ì ÅÌ Î@ÎÌ ÎkÌ ,.Ì Å
ÎkbÌb×kÌÎÌ/Ì@ÎÌÞÌ­×ÎÌ­ÞkÂÅÌ@bÌ@ÌÅ@Î×Â@ÎÌ@ÎÌÌ­×ÎÌ­ÞkÂÅ²ÌÅ
@ÌXÅk·×kXkÌxÌÎkÌÎkbÌ,._ÌÎkÌX@ÅX@b@NÎàÌÞÌ@ÅÌNkÌÎkb²Ì1kÂkxÂk
×bkkÅÌÌÞÌÎÌ­ÎÅkÌÎkÌ,.Ì@ÝkÌNkkÌkÅÎ@NÅkb_Ì²k²_ÌÞÌÅkÌx×Âk
@bÌ @ÂkÌ Å@Î×Â@ÎÌ ­×ÎÌ ­ÞkÂ²Ì ÎÌ @ÅÌ NkkÌ bkÅÎÂ@ÎkbÌ ÎkÂkÎX@àÌ Î@ÎÌ Îk
@ÂkÅÎÌ,.ÌÅÌNÎ@kbÌ×ÅÌÅÂÎÌ/$ÅÌÞÎÌÞÌXxkkÎÌx@XÎÂÅÌ@bÌ@ÌÞ
@_Ì²k²_ÌÞÌN@ÅÌX×ÂÂkÎ²ÌÌÎÅÌXÎkßÎ_ÌÎkÌX@ÅX@b@NÎàÌxÌÎkÌXÝkÎ@Ì/$
xÂÌÅkÌX@kÌ­kÂ@ÎÌ@ÅÌNkkÌÝkÅÎ@ÎkbÌÎkÂkÎX@à²ÌÌÎkÌX@ÅkÌÞkÂkÌÎk
/$ÌÞ@ÅÌ×ÅkbÌ@ÅÌ@Ì ÅÅÌX­kÅ@ÎÂ_Ì ²k²_ÌN@ÅkbÌÎÌÝkÌ@ÌXkÂÎ@Ì×Å@Î×Â@ÎkbÌ@_
ÎkÌ @@àÅÅÌ Xk@ÂàÌ XxÂkbÌ ÎkÌ @NÝkkÎkbÌ ×bkkÅÌ ÎÌ NÎ@Ì @Ì @Âk
,.²ÌÅÌ@Ìkß@­k_ÌÞkÌN@ÅkbÌÎÌÝkÌ@Ì@ÌxÌzÌb_ÌÎkÌ@ß×Ì×NkÂÌx
ÕææÌ m ÌÌ/$Å_ÌÎ@ÎÌX×bÌNkÌX@ÅX@bkbÌ@ÎÌ¥ÌbÌ­k@Îà_ÌÞ@ÅÌ¥²Ì9kÌN@ÅkbÌÎ
ÝkÌ@Ì@ÌxÌÕæÌb_ÌÎÅÌ×NkÂÌÞ@ÅÌbkXÂk@ÅkbÌÎÌz²ÌÌÎkÌX@ÅkÌÞkÂkÌÎkÌ/$ÌÞ@Å
×ÅkbÌ@ÅÌ@Ì­ÞkÂÌk·×@ÅkÂ_Ì ²k²_ÌN@ÅkbÌ ÎÌÝkÌ@ÌXÅÎ@ÎÌ@ÝkÂ@kÌ×Î­×ÎÌ­ÞkÂ_Ì Îk
@@àÅÅÌ@ÅÌXk@ÂàÌXxÂkbÌÎkÌ×bkkÅÌàÌ Î@ÎÌ ÅÎk@bÌxÌ@Ì ÞÌ@Ì@Ì Þ
×Î­×ÎÌ­ÞkÂÌÞ@ÅÌ­ÂÎ@Î²ÌÅÌ@Ìkß@­k_ÌÞkÌN@ÅkbÌÎÌÝkÌ@Ì×Î­×ÎÌ­ÞkÂ
xÌ¥æÌb_ÌÎkÌ@ß×Ì×NkÂÌxÌ¥ææÌ m ÌÌ/$Å_ÌÎ@ÎÌX×bÌNkÌX@ÅX@bkbÌ@Î
¥Ì bÌ ­k@Îà_Ì Þ@ÅÌ ÕÉ²Ì @ÅkbÌ ÎÌ ÝkÌ @Ì ×Î­×ÎÌ ­ÞkÂÌ xÌ æÌ b_Ì ÎkÌ @ß×
×NkÂÌÞ@ÅÌp²ÌÅk·×kÎà_Ì xÂÌ @Ì ÝkÌ Âk·×ÂkbÌ@ÌÂÌ×Î­×ÎÌ­ÞkÂ_Ì Å×­kÂÂ
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²ÌÐ²ÐÐ^Ì3xÎkÂkbÌkßÎXÎÌÂ@ÎÌÝÅ²Ì×NkÂÌxÌÎÂ@ÝkÂÅkbÌ/$ÅÌ@ÎÌÕæÌNÎËÅÌxÂÌ".>Ì@bÌ.>
¯9!ÌtÌÕæÌ­Å°ÌÅ@ÌxÂ@ÎÅ²Ì1kÌ­×ÎÌkßÎXÎÌÂ@ÎÌÅÌ¥ÐÌbÌ@bÌÎkÌ­×ÎÌ­ÞkÂÌÌ@ÌX@
kÌ@bÌäkÂÌÅÌ¥¥Ì@bÌÕ}Ìb_ÌÂkÅ­kXÎÝkà²Ì1kÌÅ@ÌÞ@ÝkkÎÌÅÌ¥zzæÌ²
Ð²Ì/$N@ÅkbÌ@ÎkÅÌxÂÌ@­ÎX@ÌÅ­@XkÌÅÞÎX Ð
­kÂxÂ@XkÌÅÌ@XkÝkbÌÞkÌÎkÌ/$ÌkÎÌ@bÌXxkkÎÌx@XÎÂÌÅÌÅkb
@ÅÌ×XÌ@ÅÌ­ÅÅNk²
1kÌ­ÂNkÌxÌ @Ì Å@Î×Â@ÎÌ ÅÌ­@ÂÎàÌÝkÂXkÌ Ì/$ÅÌ Î@ÎÌ @ÝkÌ @ÌÂk
k@ÂÌ @Ì X@Â@XÎkÂÅÎXÌ Î@Ì XÝkÎ@Ì /$ÅÌ @bÌ ÎkÂkxÂkÌ ×XÌ kÂ
Å@Î×Â@ÎÌ ­×ÎÌ ­ÞkÂÅ²Ì ×kÌ ÎÌ ÎÅ_Ì ÎkàÌ @ÂkÌ @ÅÌ ÂkÌ @ÎÎÂ@XÎÝkÌ xÂÌ 9!
@­­X@ÎÅÌ ÅXkÌ XÂÅÅ@Ìb×@ÎÌ NkÎÞkkÌ bxxkÂkÎÌÞ@ÝkkÎÌ X@kÅÌ Å
Åkb²Ì 1Â×Ì @Ì ÎkÂkÎX@Ì @@àÅÅÌ ÎÌ @ÅÌ NkkÌ bkÅÎÂ@ÎkbÌ Î@ÎÌ Îk
X@ÅX@b@NÎàÌxÌ/$ÅÌÅÌÅ×­kÂÂÌ@ÎÌÕ²zÌNÎËÅÌX­@ÂkbÌÎÌXÝkÎ@Ì/$Å
xÂÌ×­ÌÎÌ@ÎÌk@ÅÎÌ¥ÊÌX@kÅ²ÌÎÌ@ÌX@kÌNÎÌÂ@ÎkÌxÌ¥æÌNÎËÅÌÎkÌ­kÂxÂ@XkÌx
ÎkÌ/$ÅÌ ÅÌ ÅÎÌNkÎÎkÂÌN×ÎÌ ÎkÌ ­ÂÝkkÎÌ@ÅÌbÂ­­kbÌ Å×NÅÎ@Î@àÌb×kÌ Î
ÎkÌ x×kXkÌ xÂÌ Âk@ß@ÎÌ ÅX@ÎÅ_Ì @Ì ­kk@Ì Î@ÎÌ bkÅÌ ÎÌ kßÅÎÌ Ì Îk
XÝkÎ@Ì /$²Ì @à_Ì @Ì ÝkÅÎ@ÎÌ xÌ ÎkÌ x×kXkÌ xÌ .>Ì @bÌ ".>
­kÂ@ÎÌÌ/$ÅÌ@ÅÌNkkÌX@ÂÂkbÌ×Î²ÌÎÌ@ÅÌNkkÌÅÞÌÎ@ÎÌÎkÌX@ÅX@b@NÎà
X@ÌNkÌ ­ÂÝkbÌNàÌ×ÅÌ.>ÌÅ@Ì xÂ@ÎÅÌ ÅÎk@bÌxÌ".>Ìb×kÌ ÎÌ kÅÅÌ x×kXk
xÂÌÎkÌÂk@ß@ÎÌÅX@ÎÅ²
@­ÎkÂÌ}
Å­kkbÌXÂÅÅ@Ìb×@ÎÌÌ/$Å
1kÌÎÂkbÌ ÌÎkÌ­ÎX@ÌkÎÞÂÌkÝ×ÎÌ Îb@àÌ ÅÌbk­àkÎÌxÌ9!ÌÅàÅÎkÅ
×ÅÌ @Ì XÂk@ÅÌ×NkÂÌ xÌÞ@ÝkkÎÌ X@kÅÌ ÎÌ @XXb@ÎkÌ ÎkÌkkbÌ xÂ
ÎÂ@ÅÅÅÌX@­@XÎà²ÌÅÌ@ÌXÅk·×kXkÌxÌÎÅ_ÌÎkÂkÌÞÌNkÌ@ÌkkbÌÎÌ@@kÌÎk
X@­@XÎàÌÌ ÎkÌ­ÎX@Ì X@kÌ kÝkÌ @ÅÌ­ÎkbÌ×ÎÌ Ì X@­ÎkÂÌ Õ²ÌkÂk_Ì @­ÎX@
Þ@ÝkkÎÌ XÝkÂÎkÂÅÌ ÞÌ ­@àÌ @Ì ­ÂÎ@ÎÌ ÂkÌ ÎÌ Âk@ÅkÌ xkßNkÌ @­ÎX@
kÎÞÂÅ_ÌÎkÌÂk@ÅÌNkÌÎ@ÎÌÎkàÌÂkb×XkÌÞ@ÝkkÎÌNXÌÌ$:ÅÌS¥p_¥T_
­@XkÎÌ ÅÅÌ Ì ­@XkÎÌ ÅÞÎXkÅÌ S¥æÉ_¥æpTÌ @bÌ k@NkÌ k@ÅkÂÌ @@kkÎÌ @b
­ÂÎkXÎÌ ÅÞÎXÌ S¥Ê_Õæ_¥æT²Ì 1kÌ ÅÎÌ ­ÂÎ@ÎÌ ÎkX·×kÅÌ xÂÌ @­ÎX@
Þ@ÝkkÎÌXÝkÂÅÌ@ÂkÌbÅX×ÅÅkbÌ ÌX@­ÎkÂÌÕ_Ì @bÌ @ÅÌ­ÎkbÌ×ÎÌ ÌX@­ÎkÂÌÕ
ÎkÂkÌ @ÂkÌ ÅkÝkÂ@Ì Âk·×ÂkkÎÅÌ Î@ÎÌ ÎkÌ XÝkÂÎkÂÅÌ@ÝkÌ ÎÌ x×xÌ NkxÂkÌ bk­àkÎ
ÞÌ NkÌ Âk@ÅÎX²Ì 1kÅkÌ Âk·×ÂkkÎÅÌ Þ_Ì ÞkÝkÂ_Ì NkÌ ÅàÅÎkÌ bk­kbkÎÌ @bÌ Îk
@bÝ@Î@kÅÌ@bÌbÅ@bÝ@Î@kÅÌxÌ@Ì Å­kXxXÌ ÎkX·×kÌÅ×bÌÎkÂkxÂkÌNkÌÂk@ÎkbÌ Î
ÎkÌ@­­X@Î²
kÂk_Ì @Ì ÎkX·×kÌ xÂÌ Þ@ÝkkÎÌ XÝkÂÅÌ ÂkàÌ Ì XÂÅÅ@Ì b×@Î
¯:!°ÌÌ/$ÅÌÞÌNkÌÎÂk@Îkb²Ì1ÌkÎÌ@ÌÎ@Ìbk@ÌxÌÎkÌ­kÂxÂ@XkÌxÌ:!_Ì@
ÅÎÌxÌÎÅÌÅÎÌ­ÂÎ@ÎÌX@Â@XÎkÂÅÎXÅÌÅÌÝkÌNkÞ^
µ @ÌNkÌ@bkÌ­@ÂÅ@ÎÌbk­kbkÎ²
µ .k@ÎÝkàÌÌ­×ÎÌ­ÞkÂÌbà@XÌÂ@kÌ¯ÉÌb°²
µ $­ÎX@ÌN@bÞbÎÌxÌÂkÌÎ@ÌzæÌÌS¥¥æT²
µ Å­kkbÌ­kÂ@ÎÌ¯¥ææÌNÎËÅÌÅÞÌÌSzÉT°²
µ bÌXÝkÂÅÌkxxXkXàÌ@bÌÌ$/".ÌxÌÎkÌXÝkÂÎkbÌÅ@²
µ bÌX@ÅX@b@NÎàÌ­kÂxÂ@XkÌ¯X@ÅX@bkÌxÌÕzÌXÝkÂÎkÂÅÌÅÞÌÌS¥¥¥T°²
µ ÞÌ­ÞkÂÌXÅ×­Î_ÌX­@XÎÌ@bÌk@ÅàÌÎÌÂk@Åk²
‚  ßÎXÎÌ Â@ÎÌ bkÂ@b@ÎÌ X@Ì XX×Â_Ì kÅ­kX@àÌ xÂÌ XÝkÂÅÌ ÎÌ kÂ
Þ@ÝkkÎÅÌb×kÌÎÌ@ÌÞ@ÝkkÎbk­kbkÎÌbxxkÂkÎ@Ì@ÌS¥zT²
‚  Â­kbÌ XÝkÂÎkbÌ ×Î­×ÎÌ Å@Ì ÂkÅ×ÎÌ Ì bkÂ@b@ÎÌ xÂÌ ÎÂ@ÅÅÅ
ÝkÂÌbÅ­kÂÅÌÅxÎkbÌxNkÂÌS¥¥ÕT²
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}²ÌÅ­kkbÌXÂÅÅ@Ìb×@ÎÌÌ/$Å z¥
ÞàÌ@ÌäkÂÌÎkÌbk@àÌÅÌÎÌ­Î@ÌÅÌb×kÌÎÌÎkÌxÎkÌÎkÌÂkÅ­ÅkÌxÌÎkÌ@Ì
ÎkÌ/$²Ì1ÅÌk@ÅÌÎ@ÎÌÞkÌÎkÌ­ÞkÂÌÌÎkÌb@Î@ÌÅ@ÌÅÎ@ÂÎÅÌÎÌXÂk@Åk_Ì²k²_Ì@
­×ÅkÌkÎkÂÅ_Ì@ÌXkÂÎ@Ì@×ÎÌxÌÎkÌÞÌk@­ÅkÌNkxÂkÌÅ@Î×Â@ÎÌxÌÎkÌXXÌ­×Åk
ÅkÎÅÌ ²Ì×kÌÎÌÎÅ_ÌÎÌ ÅÌ@ÅÌNÝ×ÅÌÎ@ÎÌ@Ì­ÅÎÝkÌÎkÌbk@àÌ@ÅÌ ÎÌNkÌÂk·×Âkb_
²k²_Ì ÎkÌ b@Î@Ì Å@Ì @ÅÌ ÎÌ kÎkÂÌ xÂÅÎ²Ì 1kÌ @×ÎÌ xÌ kXkÅÅ@ÂàÌ ÎkÌ bk@àÌ Þ
@Î×Â@àÌ bk­kbÌ Ì ÎkÌ Å­kkbÌ xÌ ÎkÌ bkÝXkÌ @bÌ ÎkÂkxÂkÌ Ì ÎkÌ ­ÞkÂÌ kÝkÅ_
@­­kbÌN@ÅÌX×ÂÂkÎÌ@bÌbkÅÅÌxÌÎkÌ/$²ÌÎÌÅ×bÌNkÌk­@ÅÅkb_ÌÞkÝkÂ_
Î@ÎÌ xÂÌ@Ì Å­kXxXÌbkÝXkÌ ÎÌ ÅÌ @ÌXÅÎ@ÎÌ ÎkÌbk@àÌ@bÌ ÎkÂkxÂkÌ Âk@ÎÝkàÌk@ÅàÌ Î
­kkÎ²
/XkÌÎkÌÅXkkÌxxkÂÅÌ@­ÎX@ÌÂkÎ_ÌÎkÂkÌÅÌ@ÅÌÎkÌNkkxÎÌÎ@ÎÌÎkÌÅ@­k
xÌÎkÌXÝkÂÎkbÌÅ@ÌÎÌÅkÌbkÂkkÌX@ÌNkÌbkÎkÂkbÌNàÌÎkÌÅ@­kÌxÌÎkÌXX
Å@²Ì 1ÅÌ ÅÌ xÌ X×ÂÅkÌ Ì XÎÂ@ÅÎÌ ÎÌ ÎkÌ X@ÅkÌÞkÂkÌ9Ì ÎÌ ÅÌ ×ÅkbÌ ÅXkÌ Îk
XÝkÂÎkbÌÅ@ÌÌÎ@ÎÌX@ÅkÌÅkàÌÅÌbkÎkÂkbÌNàÌÎkÌb@Î@ÌÅ@²ÌÎ×Ì×ÅÌ@
XXÌ Å@Ì@kÅÌ­ÎÅ@ÎÌÂkÌ bxxX×Î_Ì ÎÌ ÅÌ @Ì @ÎÎÂ@XÎÝkÌ xk@Î×ÂkÌ ÅXkÌ Îk
XXÌÅ@ÌÅÌkkÂ@ÎkbÌX@àÌ@bÌÎkÂkxÂkÌÞkÌXÎÂkb²Ì$kÌxÌÎkÌNkkxÎÅÌÅ
Î@ÎÌ ÎÌ ÅÌ k@ÅkÂÌ ÎÌ NÎ@Ì @Ì Ì kßÎXÎÌ Â@ÎÌ xÌ ÎkÌ XÝkÂÎkbÌ Å@Ì ÅXkÌ Îk
XXÌÅ@Ì@Âk@bàÌ@ÅÌ@ÌxÎkÌkßÎXÎÌÂ@Î²Ì/ÌkÝkÌÎ×Ì­×ÅkÅÌ@ÅÌ@ÝkÌÎ
NkÌ Å×­­ÂkÅÅkbÌ Ì ÎkÌ XXÌ Å@_Ì ÎkÌ Î@Ì b×@ÎÌ k­ÅÌ ÎÌ NÎ@Ì @Ì 
kßÎXÎÌ Â@ÎÌ xÌ ÎkÌ XÝkÂÎkbÌ Å@²ÌÎ×Ì ÎÅÌ ÅÌÎÌ kÝbkÎÌ xÂÌ @Ì ÅÎ@ÎX
­ÎÌxÌÝkÞ_ÌÎÌÅÌÎkÌkß­kÂkXkÌxÂÌbà@XÌk@Å×ÂkkÎÅ²
ÎkÂÌNkkxÎÌ ÅÌ Î@ÎÌÎkÌ­×ÅkÌÞbÎÌxÌ ÎkÌXÝkÂÎkbÌ Å@Ìbk­kbÅÌk@ÝàÌ
ÎkÌXXÌÅ@²Ì1ÅÌÅÌ×ÅÎÂ@ÎkbÌÌ²Ì}²¥z_ÌÝÌ­×ÅkÌÎÂ@XkÅÌxÌÎkÌXÝkÂÎkb
Å@Ì xÂÌ @Ì 9!Ì xÌ ÎkÌ XXÌ Å@Ì xÌ ÐæÌ ­ÅÌ ¯kxÎ°_Ì ÕæÌ ­ÅÌ ¯bbk°Ì @bÌ ¥æÌ ­Å
¯ÂÎ°_ÌÞkÌkk­ÌÎkÌ9!ÌxÌÎkÌb@Î@ÌÅ@ÌxßkbÌÎÌÕæÌ­Å²ÌÂÌ@ÌXXÌ­×Åk
ÞbÎÌ xÌ ÐæÌ ­ÅÌ ÎÌ X@Ì NkÌ ÅkkÌ Î@ÎÌ ÎkÂkÌ @ÂkÌ ÅÎÌ Å×­­ÂkÅÅkbÌ ­×ÅkÅÌ Ì Îk
XÝkÂÎkbÌÅ@_ÌÞXÌÅÌX@×ÅkbÌNàÌÎkÌx@XÎÌÎ@ÎÌÎkÌÅ@Ì­×ÅkÌÞbÎÌÅÌàÌÕæÌ­Å
@bÌ ÎkÂkxÂkÌ ÎÌ Å×xxXkÎàÌ NÂ@b²Ì kXÂk@ÅÌ ÎkÌ XXÌ ­×ÅkÌ ÞbÎÌ ÂkÅ×ÎÅÌ 
X­kÎkÌÅ×­­ÂkÅÅÌ@bÌ@Ì@ÂÂÞÌxÌÎkÌXÝkÂÎkbÌ­×ÅkÅÌ@bÌÝkÂàÌ­ÂÎ@Îà_
ÎkÌ ·×@ÎàÌ xÌ ÎkÌ XÝkÂÎkbÌ Å@Ì Âk@ÅÌ ×X@kb²Ì 1ÅÌ ÅÌ @Ì ÝkÂàÌ @ÎÎÂ@XÎÝk
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D t ÌtÌzÌ­Å
²Ì}²¥}^Ì,×ÅkÌ ÎÂ@XkÅÌxÌ ÎkÌXÝkÂÎkbÌ Å@Ì@ÎÌÕæÌNÎËÅÌ Ì ÎkÌ X@ÅkÅÌxÌ@Ì Âk@ÎÝkÌ ÎkÌbk@àÌ D¯ t °
NkÎÞkkÌÎkÌb@Î@Ì@bÌXXÌ­×ÅkÅÌxÌzÌ­ÅÌ¯kxÎ°_ÌæÌ­ÅÌ¯bbk°Ì@bÌzÌ­ÅÌ¯ÂÎ°²Ì1kÌ­ÞkÂÌÌÎkÌb@Î@
@bÌXXÌÅ@ÌÅÌzÌ@bÌzb_ÌÂkÅ­kXÎÝkà²ÌÂÌ@bbÎ@ÌxÂ@ÎÌÌÎkÌX@X×@ÎÅÌÂkxkÂÌÎ
ÎkÌÎkßÎÌÌ²Ì}²¥Õ²
}²ÌÅ­kkbÌXÂÅÅ@Ìb×@ÎÌÌ/$ÅzÕ
xk@Î×Âk_ÌÅkkÌxÂÌÎkÌ­ÎÌxÌÝkÞÌxÌÂkÎ_ÌÅXkÌÎkÌ×ÅkÌxÌÅÂÎÌXXÌ­×ÅkÅ
XÂk@ÅkÅÌÎkÌÎÎkÂÌÎkÂ@XkÌ@bÌÎkÂkxÂkÌkÅ×ÂkÅÌ@ÌNkÎÎkÂÌÂkÎÌX@­@NÎà²
}²}²ÕÌÕæÌNÎËÅÌÞ@ÝkkÎÌXÝkÂÅÌ×ÅÌ@Ì­ÎX@ÌXXÌÅ@
Ì ÂbkÂÌ ÎÌ bkÅÎÂ@ÎkÌ ÎkÌ xk@ÅNÎàÌ xÌ Å­kkbÌ ­kÂ@ÎÌ xÌ ÎkÌ :!
XÝkÂÅÌÅXkkÌ×ÅÌ@Ì­ÎX@ÌXXÌÅ@_Ì@ÌÅàÅÎkÌkß­kÂkÎÌX@ÂÂkbÌ×ÎÌ@Î
ÕæÌ NÎËÅÌ ÞÌ NkÌ bkÅXÂNkbÌ kÂkÌ ¯ÎkÌ ÂkÅ×ÎÅÌ @ÂkÌ N@ÅkbÌ Ì S­¥ÕT°²Ì ÎÌ Å×bÌ Nk
kÎkbÌÎ@ÎÌ@Ìkß­kÂkÎÅÌ@NÝkÌ¥æÌNÎËÅÌÂk­ÂÎkbÌÌ:!ÌÅÌx@ÂÌ@ÂkÌxÂÌX
bÂkXÎ@Ì X×­_Ì k²²_Ì SzÉ_¥¥T²Ì kÂk_Ì XÝkÂÅÌ xÂÌ NÎÌ XÌ @bÌ X×ÎkÂ
bÂkXÎ@Ì X×­Ì ÞÌ NkÌ bkÅÎÂ@Îkb²Ì 1kÌ @Ì Âk@ÅÌ xÂÌ ÎkÌ b
­kÂxÂ@XkÌÎ@ÎÌÅÌ@XkÝkbÌxÂÌX×ÎkÂbÂkXÎ@ÌX×­ÌÞÎÌÎkÌÅ­kXxXÌ/$
ÅÌ b×kÌ ÎÌ ÎkÌ NkkxÎÅÌ xÌ ×ÅÌ @Ì XXÌ Å@Ì ÅÎk@bÌxÌ9Ì Î_Ì @ÅÌ kß­@kbÌ 
ÅkXÎÌ}²}²¥²
²Ì}²¥ÊÌ ÅÞÅÌ ÎkÌ kß­kÂkÎ@Ì ÅkÎ×­Å²Ì 1kÌ ÎÂ@ÅÎÎkÂ_Ì ­ÎX@Ì XXÌ kkÂ@ÎÂ
@bÌÂkXkÝkÂÌ@ÂkÌÎkÌÅ@kÌÌNÎÌX×­ÌÅXkkÅ²ÌÌÎkÌÎÂ@ÅÎÎkÂÌÅÂÎÌ­ÎX@
­×ÅkÅÌ¯JÕzÌ­Å°Ì@ÂkÌkkÂ@ÎkbÌNàÌ@Ì@ÅÞÎXkbÌÌ@ÅkÂ_Ìb×@ÎkbÌ@ÎÌ¥æÌNÎËÅ
@bÌ×Î­kßkbÌÎÌÕæÌNÎËÅ²Ì1kÌb@Î@ÌÅ@Ì ÅÌÎkÌX×­kbÌÎÌÎkÌ/$ÌkÎkÂ
XÌÂÌX×ÎkÂbÂkXÎ@ÌÞÎÌÂkÅ­kXÎÌÎÌÎkÌÕæÌäÌXXÌÅ@Ì¯@ÅÌkkÂ@ÎkbÌNà
@Ì@ÅÞÎXkbÌÌ@ÅkÂ_Ì9!ÌtÌJÕzÌ­Å°²
ÌÎkÌXbÂkXÎ@ÌÅXkk_Ì@ÌxÎkÂÌÅÌ@­­kbÌ@ÎÌÎkÌ×Î­×ÎÌxÌÎkÌ/$ÌÎÌÅkkXÎÌÎk
XÝkÂÎkbÌ Å@_ÌÞkÌ Ì xÎkÂÌ ÅÌ ×ÅkbÌ Ì ÎkÌ X×ÎkÂbÂkXÎ@Ì ÅXkk²Ì Ì Îk
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XÌ­×ÅkÌÞbÎÌtÌ¥æÌ­Å
²Ì}²¥z^Ì,×ÅkÌÎÂ@XkÅÌxÌÎkÌXÝkÂÎkbÌÅ@Ì@ÎÌÕæÌNÎËÅÌxÂÌ@Ì9!ÌxÌÎkÌXXÌÅ@ÌxÌÐæÌ­Å
¯kxÎ°_ÌÕæÌ­ÅÌ¯bbk°Ì@bÌ¥æÌ­ÅÌ¯ÂÎ°²Ì9!ÌxÌÎkÌb@Î@Ì­×ÅkÅÌÅÌÕæÌ­Å²Ì1kÌ­ÞkÂÌÌÎkÌb@Î@Ì@b
XXÌÅ@ÌÅÌzÌ@bÌzÌb_ÌÂkÅ­kXÎÝkàÌ@bÌÎkÌÎkÌbk@àÌÅÌzÌ­Å²ÌÂÌ@bbÎ@ÌxÂ@ÎÌÌÎk
X@X×@ÎÅÌÂkxkÂÌÎÌÎkÌÎkßÎÌÌ²Ì}²¥Õ²
bÂkXÎ@ÌX×­
/$


ÎkÂ
ÎÎ²
ÎÎ²
20 Gbit/s
receiver
ÕæÌNÎËÅ
ÎÂ@ÅÎÎkÂ
L¥zzæÌ
ÕæÌä
­ÂNkÌÅ@
L¥z}zÌ
k@à
×ÎkÂbÂkXÎ@ÌX×­
/$

ÎÎ²
­ÎX@
Å@ÎÂ
ÎÎ²

­ÎX@
XÂX×@ÎÂ
ÕæÌNÎËÅ
ÂkXkÝkÂ
ÕæÌNÎËÅ
ÎÂ@ÅÎÎkÂ
L¥zzæÌ
ÕæÌä
­ÂNkÌÅ@
L¥z}zÌ
k@à
²Ì }²¥Ê^Ì ß­kÂkÎ@Ì ÅkÎ×­Ì xÂÌ XÌ ¯kxÎ°Ì @bÌ X×ÎkÂbÂkXÎ@Ì :!Ì XÝkÂÅÌ ¯ÂÎ°Ì @Î
ÕæÌNÎËÅÌ×ÅÌ@Ì­ÎX@ÌXXÌÅ@²Ì1kÌ/$ÌÅÌÎkÌkÌbkÅXÂNkbÌÌÅkXÎÌ}²¥ÌN@ÅkbÌ@ÎÌÐÐæÌ²
}²ÌÅ­kkbÌXÂÅÅ@Ìb×@ÎÌÌ/$Å zÐ
ÂkXkÝkÂ_ÌÎkÌÕæÌNÎËÅÌXÝkÂÎkbÌÅ@ÌÅÌ­ÎX@àÌbk×Î­kßkbÌÎÌ¥æÌNÎËÅÌNàÌ@
"N$ÐÌ!@X>kbkÂÌb×@ÎÂÌNkxÂkÌbkÎkXÎ²Ì1kÌ@­­kbÌN×Îà­kÌ/$Ì Å
ÎkÌ¥ÕææÌ m ÌÌbkÝXkÌbkÅXÂNkbÌÌÅkXÎÌ}²¥²ÌÎÌÅ×bÌNkÌ­ÎkbÌ×ÎÌÎ@ÎÌ 
ÎkÅkÌkß­kÂkÎÅÌÎkÌÅàXÂÅ@ÎÌNkÎÞkkÌÎkÌb@Î@Ì@bÌXXÌÅ@ÌÅÌ@XkÝkb
ÞÎÌ@Ì­ÎX@Ìbk@àk_ÌÞXÌÅÌ@b×ÅÎkbÌxÂÌ­Î×Ì­kÂxÂ@Xk²
1kÌ­kÂxÂ@XkÌxÌÎkÌÞ@ÝkkÎÌXÝkÂÎkÂÌX@ÌNkÌÅkkÌÌ²Ì}²¥É_ÌÝÌÎkÌkàk
b@Â@ÌxÌÎkÌ­×ÎÌÅ@_Ì­×ÅkÌÎÂ@XkÌxÌÎkÌXXÌÅ@Ì@bÌkàkÌb@Â@ÅÌxÌÎk
XÝkÂÎkbÌ Å@Ì xÂÌ XÌ @bÌ X×ÎkÂbÂkXÎ@Ì X×­²Ì ÅÌ bkÅÎÂ@Îkb_Ì Xk@Â
@bÌ­kÌ kàkÌ b@Â@ÅÌ @ÂkÌ NÎ@kbÌ Ì NÎÌ X@ÅkÅÌÞÎÌ @Ì bÌ Å×­­ÂkÅÅÌxÌ Îk
XXÌÅ@ÌÌÎkÌXÝkÂÎkbÌX@ÌäkÂÅ²
1kÌk@Å×ÂkbÌ.ÌX×ÂÝkÅÌÅÞÌÌÎkÌkxÎÌ­@ÂÎÌxÌ²Ì}²¥pÌÝkÂxàÌÎ@ÎÌÎkÌXÝkÂÎkÂ
bkkbÌ@ÅÌbÌ­kÂxÂ@Xk²ÌÂÌXÌ­Â­@@Î_Ì@Ì­Âk@­xkbÌ­k@ÎàÌxÌ¥²ÕÌb
ÅÌ@XkÝkb_ÌÞkÌ×ÅÌX×ÎkÂbÂkXÎ@ÌX×­ÌÂkÅ×ÎÅÌ Ì@Ì­k@ÎàÌxÌÕ²zÌb²
1kÌ ÅÎàÌ kÂÌ ­k@ÎàÌ Ì ÎkÌ X×ÎkÂbÂkXÎ@Ì ÅXkkÌ ÅÌ @àÌ b×kÌ ÎÌ @
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æ²¥Ì_ÌÎkÌ­ÂÌ­kÂxÂ@XkÌÅkkÌÌ²Ìz²ÕÉÌ¯bbk°ÌX@ÌàÌNkÌX@×ÅkbÌNàÌÎk
x×kXkÌxÌ ÎkÂxkÂkÎÂXÌXÂÅÅÎ@²ÌàÌX@ÌÎkÌ­ÞkÂÌ kÝkÅ_ÌÞkÝkÂ_Ì ÎÌ Å
­ÅÅNkÌÎÌXÂk@ÅkÌÎkÌ//.Ì@bÌNÎ@ÌÎkÌkàkÌb@Â@ÌÝkÌ ÌÎkÌÂÎÌ­@ÂÎÌx
ÎkÌx×Âk²Ì­@ÂÌÎkÌÂkÅ×ÎÌÞÎÌÎkÌkàkÌb@Â@ÌÌÎkÌkxÎÌ­@ÂÎÌxÌÎkÌx×Âk_ÌÎ
X@ÌNkÌNÅkÂÝkb_ÌÎ×_ÌÎ@ÎÌÎkÌ­kÂxÂ@XkÌÅÌÅÎÌ@xxkXÎkbÌNàÌXÂÅÅÎ@²
1kÌ­ÂkÂÌ­kÂxÂ@XkÌxÂÌXÝkÂÅÌÎÌÎkÌÅ@kÌÞ@ÝkkÎÌX@Ì@ÅÌNkÌÅkkÌ
²Ì z²Õp_Ì ÅÞÌ ÎkÌ ­k@ÎàÌ @ÅÌ @Ì x×XÎÌ xÌ ÎkÌ Å@Ì @bÌ9ÌÞ@ÝkkÎ²Ì 
­k@ÎàÌNkÎÞkkÌJÐÌÎÌJ}ÌbÌÅÌNÎ@kb_ÌÞXÌXÂÂkÅ­bÅÌÎÌ@ÌkßXkÅÅÌ­k@ÎàÌx
JÕÌbÌX­@ÂkbÌÎÌXÝkÂÅÌÎÌbxxkÂkÎÌÞ@ÝkkÎÅ²Ì/Î_ÌÎkÌ­k@ÎàÌ ÅÌ@ÅÌ 
ÎÅÌ X@ÅkÌ @ÅÎÌ bk­kbkÎÌ xÌ Þ@ÝkkÎÌ bX@ÎÌ Î@ÎÌ ÎkÌ ­kÂ@ÎÌ xÌ Îk
!!ÅÌ@ÅÌÅÌk@ÂàÌÞ@ÝkkÎbk­kbkÎÌÞÎÌÎkÌkß@kbÌÂ@k²
1kÌÅ­kkbÌ­ÎkÎ@ÌxÌÎkÌ$!$Ì!>ÌÅÌ×ÅÎÂ@ÎkbÌÌ²Ìz²Õ_ÌÅÞÌÎk
kàkÌb@Â@ÌxÌ@ÌXÝkÂÎkbÌÅ@Ì¯¥zzzÌÎÌ¥zzæÌÌXÝkÂÅ°Ì@ÎÌÕæÌNÎËÅÌÞÎÌ@
.>Ì­×ÎÌÅ@Ì¯kxÎ°Ì@bÌÎkÌXÂÂkÅ­bÌÅ­kXÎÂ×Ì@ÎÌÎkÌ×Î­×ÎÌxÌÎkÌXÝkÂÎkÂ
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9@ÝkkÎÌÌ¯°
²Ìz²Õp^Ì,k@ÎàÌ@ÎÌ¥æÌNÎËÅÌ@ÅÌ@Ìx×XÎÌxÌÎkÌÞ@ÝkkÎ²ÌÝkÂÅÌÅÌ­kÂxÂkbÌÎÌÎkÌÅ@k
Þ@ÝkkÎÌ@ÅÌÎkÌ­×ÎÌÅ@_Ì²k²_Ìk·×@ÌÅ@Ì@bÌ9ÌÞ@ÝkkÎ²
z²ÌÅ­kkbÌXÂÅÅ­@ÅkÌb×@ÎÌÌ/$Å ÉÉ
¯ÂÎ°²ÌÅÌÅkk_Ì@ÌÅàÌN×ÎÌkÝkÂÎkkÅÅÌ­kÌkàkÌb@Â@ÌÅÌNÎ@kb²Ì×ÂÎkÂÂk_
ÎkÌ ­ÎX@Ì Å­kXÎÂ×Ì bkÅÎÂ@ÎkÅÌ Î@ÎÌ ÎkÌ XÝkÂÅÌ @ÅÌ NkkÌ @XkÝkbÌÞÎÌ @
$/".Ì xÌ JÐæÌ bÌ @bÌ @Ì //.Ì xÌ JÕÉÌ b²Ì ÅÌ kÎkb_Ì ÎkÌ $!$Ì !>
XÂ­Â@ÎkÅÌ¥pææÌ m ÌÌÎkÂxkÂkÎkÂÌ@ÂÅ_ÌÞX_Ì×bÌxÂÌÎkÌÂkÅ×ÎÅÌ
ÎkÌ ÅÎ@b@ÂbÌ XÝkÂÎkÂÌ Ì ÅkXÎÌ z²Õ_Ì Å×bÌ ÂkÅ×ÎÌ Ì @Ì NkÎÎkÂÌ ­kÂxÂ@XkÌ Î@
NÅkÂÝkbÌÌ²Ìz²Õ²ÌÌ­ÂN@NkÌÂk@ÅÌxÂÌÎkÌÞkÂÌXÝkÂÅÌÅ­kkbÌÅÌÎ@ÎÌÎkÂk
ÅÌ@ÌÅ@kÂÌbkÌÝkÂ@­ÌNkÎÞkkÌÎkÌÅ@Ì@bÌ9ÌÎÌÌÎkÌ$!$ÌX­@Âkb
ÎÌ ÎkÌ ÅÎ@b@ÂbÌ XÝkÂÎkÂ²Ì 1kÌ Å@kÂÌ bkÌ ÝkÂ@­Ì Ì ÎkÌ $!$Ì ÂkÅ×ÎÅÌ Ì @
Å@kÂÌkxxkXÎÝkÌXxkkÎÌx@XÎÂÌÌÎkÌÎkÂxkÂkÎkÂÌ@ÂÅÌ@bÌÎkÂkxÂkÌ@ÅÌ@
ÞkÂÌb×@ÎÌN@bÞbÎ²ÌÌ@bbÎ_Ì@ÌNÂ@bÌÞbÎÌxÌÎkÌÞ@Ýk×bkÌ@ÅÌÎÌNk
×ÅkbÌÎÌÅ×ÅÎ@ÌÎÞÌ@ÎkÂ@ÌbkÅ²Ì1kÌNÂ@bÌÞbÎÌXÂk@ÅkÅÌÎkÌ­ÎX@Ì@Âk@_ÌÞX
@ÅÌbkXÂk@ÅkÅÌÎkÌb×@ÎÌN@bÞbÎÌ¯ÅkkÌXkÎÅÌÌÅkXÎÌ}²Õ²Õ°²
z²}Ì"ÝkÌÅXkkÌxÂÌÞ@ÝkkÎÌXÝkÂÅÌÌ9Å
ÅÌkÎkbÌ Ì ÎkÌ NkÌ xÌ ÎÅÌ X@­ÎkÂ_Ì ÎkÌ XÂ­Ì ­Â­kÂÎkÅÌ xÌ 9ÅÌ @Âk
Å×­kÂÂÌX­@ÂkbÌÎ_Ìk²²_Ì:!N@ÅkbÌXÝkÂÎkÂÅ²Ì/Î_Ì@ÅÌkß­@kbÌÌÅkXÎÌz²¥_
ÎkÌxÞÌÎÂ@bkxxÌNkÎÞkkÌÅ­kkbÌ@bÌÎÂ@ÅÅÅÌ­Â­kÂÎkÅÌÂ@àÌkßÅÎÅÌ
9Å^ÌÝkÂÎÌ­kÂ@ÎÌÂkÅ×ÎÅÌÌÎkÌkÅÎÌb×@ÎÌN@bÞbÎÌN×ÎÌ@ÅÌÌ@
Å@Ì ­ÅÎÝkÌ XÂ­Ì Î@ÎÌ ÎÅÌ ÎÂ@ÅÅÅÌ Ì ÅÎ@b@ÂbÌ xNkÂ²Ì "ÝkÂÎ
­kÂ@ÎÌ@ÅÌ@ÌÞkÂÌb×@ÎÌÅ­kkbÌN×ÎÌÂkÅ×ÎÅÌÌbÌÎÂ@ÅÅÅÌ­Â­kÂÎkÅ²
ÌÎÅÌÅkXÎ_Ì@ÌÝkÌXÝkÂÅÌÅXkk_ÌÎ@ÎÌÅÞÅÌbÌÎÂ@ÅÅÅÌ­Â­kÂÎkÅ
@bÌ Å­kkbÌ ­kÂxÂ@XkÌ Ì 9ÅÌ Å×Î@k×Åà_Ì ÞÌ NkÌ bkÅÎÂ@Îkb²Ì 1k
ÂkÅ×ÎÅÌ@ÂkÌN@ÅkbÌÌS­Õp_­ÐpT²
z²}²¥Ì,ÂX­kÌxÌ­kÂ@ÎÌxÌÎkÌÝkÌXÝkÂÅÌÅXkk
ÂÌX­@ÂÅ_Ì²Ìz²ÐæÌÅÞÅÌ@Ì×ÅÎÂ@ÎÌxÌÎkÌXÝkÎ@Ì¯kxÎ°Ì@bÌÝk
ÅXkkÌ ¯ÂÎ°Ì xÂÌÞ@ÝkkÎÌ XÝkÂÅÌ Ì 9ÅÌ ¯kÂkÌ ÅÞÌ xÂÌ!>Å°²Ì Ì Îk
XÝkÎ@Ì ÅXkk_Ì @Ì b@Î@Ì @bÌ9Ì Å@Ì ÅÌ X×­kbÌ ÎÌ ÎkÌ ÎkÂxkÂkÎkÂÌ @Å
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9@ÝkkÎÌÌ¯°
/×­­ÂkÅÅ$/".
²Ìz²Õ^ÌàkÌb@Â@Ì@ÎÌÕæÌNÎËÅÌxÌ@ÌXÝkÂÎkbÌÅ@ÌxÂÌ¥zzzÌÎÌ¥zzæÌÌ¯kxÎ°Ì@bÌÎkÌ­ÎX@
Å­kXÎÂ×Ì@ÎÌÎkÌ×Î­×ÎÌxÌÎkÌ$!$Ì!>Ìk@Å×ÂkbÌÌæ²¥ÌÌ¯ÂÎ°²
z²ÌÅ­kkbÌXÂÅÅÌ­@ÅkÌb×@ÎÌÌ/$ÅÉp
ÅÞ_ÌÂkÅ×ÎÌÌ@ÌÝkÂÎkbÌÂÌÝkÂÎkbÌÅ@Ì@ÎÌ l 9Ì¯ÝkÂÎkbÌÅÞÌ
ÎkÌ x×Âk°²Ì Ì ÎkÌ ÝkÌ ÅXkkÌ @Ì @bbÎ@Ì XXÌ Å@Ì ¯ÞÎÌ @Ì Âk­kÎÎÌ Â@Îk
XÂÂkÅ­bÌÎÌÎkÌNÎÌÂ@Îk°ÌÅÌkXÎkbÌÎÌÎkÌÞkÂÌÎkÂxkÂkÎkÂÌ@ÂÌ@b_Ì@ÅÌ
ÎkÌXÝkÎ@ÌÅXkk_ÌÎkÌÞ@ÝkkÎÌXÝkÂÎkbÌÅ@ÌxÌÎkÂkÅÎÌÅÌ@ÎÌ l 9²ÌkÂk_
ÝkÂÎkbÌ @bÌ ÝkÂÎkbÌ ­kÂ@ÎÌ ÅÌ @ÅÌ ­ÅÅNk_Ì ÞkÝkÂÌ ÞÎÌ @Ì bxxkÂkÎ
@­­k@Â@XkÌxÌÎkÌXÝkÂÎkbÌÅ@²Ì9kÌ@ÌX@ÌkÌÅÌ­ÂkÅkÎÌÌÎkÌb@Î@ÌÅ@_
²k²_ÌÎkÌXXÌ@bÌb@Î@ÌÅ@ÅÌ@ÂkÌbkÎX@_ÌÎkÌ9ÌÎÌÞÌkß­kÂkXkÌk·×@Ì­@Åk
XbÎÅÌÌÎkÌÎkÂxkÂkÎkÂÌ@ÂÅÌÂkÅ×ÎÌÌ@ÌXÅÎ@ÎÌ×Î­×ÎÌ­ÞkÂ²Ì$ÌÎk
ÎkÂÌ @b_Ì ÞÎÌ @Ì äkÂÌ Ì ÎkÌ b@Î@Ì Å@_Ì ÎkÌ ÎkÂxkÂkÎkÂÌ ÞÌ NkÌ ×N@@Xkb
ÂkÅ×ÎÌ Ì @Ì ­×ÅkÌ @ÎÌ ÎkÌ ×Î­×Î²Ì 1kÌ ÂÎÌ ­@ÂÎÌ xÌ ²Ìz²ÐæÌ ÅÞÅÌ @Ì ÝkÂÎkb
Å@²Ì1Ì@ÅÅ×ÂkÌbÌ­kÂxÂ@Xk_ÌÎkÌXXÌÅ@ÌÞÌ@ÝkÌÎÌNkÌÅàXÂÅkbÌÎ
ÎkÌb@Î@ÌÅ@_ÌÞXÌk@ÅÌÎ@ÎÌXXÌÂkXÝkÂàÌ@ÅÌÎÌNkÌ@­­kb²
1kÂkÌ @ÂkÌ ÅkÝkÂ@Ì @bÝ@Î@kÅÌ NàÌ @­­àÌ ÎkÌ XXÌ Å@Ì @ÅÌÞÌ NkÌ ÅÞÌ Ì Îk
xÞÌÅkXÎ²Ì$kÌÅÌÞÌXÂ­ÌxÌÎkÌXÝkÂÎkbÌÅ@ÌÂkÅ×ÎÌÌÎÂ@ÅÅÅ
­Â­kÂÎkÅ_ÌÞXÌ @ÂkÌ Å@ÂÌ ÎÌ ÎÅkÌ NÎ@kbÌ xÂÌ ÝkÂÎÌ ­kÂ@ÎÌ xÌ Îk
XÝkÎ@Ì ÅXkk²Ì1ÅÌ X@ÌNkÌ×bkÂÅÎbÌNàÌÎÌ Î@ÎÌ ÎkÌ XÝkÂÎkbÌ­×ÅkÅ
@ÂkÌXÂk@ÎkbÌNàÌÎkÌXXÌÅ@_Ì²k²_ÌÎkÌb@Î@ÌÅ@ÌàÌÅkÂÝkÅÌÎÌÅ×­­ÂkÅÅÌ­×ÅkÅÌ 
ÎkÌXXÌÅ@²ÌxÌÎkÌXÝkÂÎkbÌ­×ÅkÅÌ@ÝkÌÎkÌÅ@kÌ­@ÂÎàÌ@ÅÌÎkÌXXÌ­×ÅkÅÌ¯@Å
ÅÌÎkÌX@ÅkÌÌÎkÌx×Âk°_ÌÎÅÌÞÌÎkÂkxÂkÌÂkÅ×ÎÌÌk@ÎÝkÌXÂ­ÌÌÎkÌXÝkÂÎkb
Å@_Ì²k²_ÌÎkÌÅ@kÌ@ÅÌxÂÌÝkÂÎÌ­kÂ@ÎÌÞÎÌÎkÌXÝkÎ@ÌXÝkÂÅ
ÅXkk²ÌÎkÂÌ@bÝ@Î@kÌÅÌÎ@ÎÌÎkÌb×@ÎÌN@bÞbÎÌÅÌ@Î@kbÌÂÌkÝk
­ÂÝkbÌ X­@ÂkbÌ ÎÌ ÎkÌ XÝkÎ@Ì ÅXkkÌ ÅXkÌ ÎkÌ XXÌ Å@Ì @ÞÅÌ xÂ
@bbÎ@Ì ­ÎÅ@ÎÌ xÌ ÎkÌ ­kÂ@ÎÌ XbÎÅÌ xÌ ÎkÌ 9²Ì ÎÌ Å×bÌ Nk
kÎkbÌÎ@ÎÌÎkÌ@bÝ@Î@kÅÌ@ÂkÌNÎ@kbÌ@ÎÌÎkÌkß­kÅkÌxÌXÂk@ÅkbÌX­kßÎà²
z²}²ÕÌ/­kkbÌ­kÂxÂ@XkÌ@bÌÎÂ@ÅÅÅÌ­Â­kÂÎkÅÌxÌÎkÌÝkÌÅXkk
ÌÂbkÂÌ ÎÌ@kÌ@Ì x@ÂÌ @ÅÅkÅÅkÎÌxÌ ÎkÌb×@ÎÌN@bÞbÎÌ@bÌ ÎÂ@ÅÅÅ
­Â­kÂÎkÅÌxÌÎkÌÝkÌÅXkk_ÌÎkÌÂkÅ×ÎÅÌÞÌNkÌX­@ÂkbÌÎÌÞ@ÎÌX@ÌNkÌNÎ@kb
×ÅÌ ÎkÌ XÝkÎ@Ì ÅXkkÌ ×ÅÌ ÎkÌ Å@kÌ!>Ì xÂÌ NÎÌ XÝkÂÅÌ ÅXkkÅ²
1kÌkß­kÂkÎ@Ì ÅkÎ×­Ì ×ÅÎÂ@ÎkbÌ Ì²Ìz²Ð¥Ì ÅÌ×ÅkbÌ xÂÌ @ÅÅkÅÅkÎÌxÌ ÎkÌÝk
ÅXkk²Ì 1kÌ !>Ì ×ÅkbÌ Ì ÎkÌ kß­kÂkÎÅÌ ÅÌ Î@ÎÌ ×ÅkbÌ xÂÌ ÕæÌ @bÌ }æÌNÎËÅ
Þ@ÝkkÎÌXÝkÂÅÌbkÅXÂNkbÌÌÅkXÎÌz²Õ²¥Ì@bÌz²Õ²Õ_ÌÂkÅ­kXÎÝkà²
l Å@
l XÞ
ÎkÂ
l XÞ
@XÎÝkÌ!>
l clock
l signal
l cw
ÎkÂ
l cw
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ÎkÌÂkÅ×ÎÌ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Å ¥
XÝkÂÅÌ@ÅÌNkkÌbkÅÎÂ@ÎkbÌÌX@­ÎkÂÌzÌ@ÅÌÞkÌ@ÅÌÌÎÅÌÅkXÎ²ÌÌ@bbÎ
ÎÌÎÅ_Ì9ÅÌ@ÂkÌ@ÅÌX@­@NkÌxÌ­kÂxÂÌbk×Î­kßÌ@ÅÌÅÞÌkß­kÂkÎ@à
Ì S¥}æ_¥}¥T²Ì kÂk_Ì @Ì ÅXkkÌ Î@ÎÌ ÅÌ X@­@NkÌ xÌ NÎÌ Þ@ÝkkÎÌ XÝkÂÅÌ @b
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@bÌ bk×Î­kßÌ Å×Î@k×ÅàÌ ×ÅÌ ÎkÌ kÞÌ ÅXkkÌ ¯ÂÎ°²Ì 1kÌ ÅXkkÌ Ì ÎkÌ ÂÎÌ ­@ÂÎÌ @Å
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